In this study, we examined the bacteria of fermented food produced in North Vietnam. The samples produced in Hanoi city were collected in March 2003. Salt concentrations, pH and microflora of 5 kinds of 37 samples were analyzed. The salt concentrations tend to be lower than that of Japanese lightly fermented vegetables and some samples did not ferment enough to increase the acidity. The aerobic plate count varied between 5 to 8 log CFU/g. Two to five log CFU/g of coliform bacteria were also detected; all identified strains were similar to as known natural flora in fresh vegetables however. Lactic acid bacteria (LAB), including Lactobacillus spp., Leuconostoc spp., Lactococcus spp. and Pediococcus spp., were isolated from samples. Bacteriocin producing strains effective for Listeria monocytogenes were screened from the isolated 200 LABs. Three Lactococcus lactis spp. lactis strains producing nisin were obtained. The DNA sequences of nisA gene (structural gene of nisin A) were completely the same as that of previously reported ones. A Bacilus subtilis strain that exhibited antimicrobial activity against Gram-positive bacteria was also isolated from a lightly fermented eggplant.
Fermented foods are an integral part of people's diet in many countries1,2). Especially, fermented vegetables were prepared for daily diet in East to South-East Asi3). The organic acids and other metabolites produced by lactic acid bacteria during fermentation process give raw vegetables a desirable taste, flavor and texture4).
In addition, fermentation enriches food substances biologically with vitamins, proteins, essential amino acids and fatty acids5). These benefits complement the disadvantage of rice-centered food style.
Vegetables harbor a numerous and various kinds of microorganisms, though only 0.01 to 1.0% of them are lactic acid bacteria (LAB) participating in the fermentatioe. The LAB grows to be a dominant microflora in the fermenting vegetables in suitable condition. The vegetable fermentation is a complex microbiological process resulting from the growth response of lactic acid bacteria.
Each of the certain bacteria display typical growth characteristic during fermentation process; resulting in the sequential shift of major population in the whole microflora mainly corresponding to their acid or oxygen tolerance and nutrient requirement.
In case of sauerkraut fermentation7), lesser acid tolerant LAB such as Leuconostoc mesenteroides grows at first.
Gramnegative strains, including spoilage bacteria such as Pseudomonas, grow prior to these acid formere8). The strains are replaced by more acid tolerant strains such as Lactobacillus plantarum. The latter strains, which require many kinds of nutrient compounds in many cases, utilize the nutrients decomposed from raw materials by preceding major fermenting strains. The microflora, including LAB, is also influenced by salt concentration during fermentation9,10). In high salt concentration, the growth of bacteria tends to be repressed by low water activity and high ionic activity while with suitable concentration, salt will suppress growth of undesirable bacteria without affecting lactic acid bacteria. The viable cells in the samples were enumerated as follows; Twenty-five gram of sample was placed in a stomacher bag and 225 ml of phosphate buffered saline (PBS) was added and pummeled for 90 seconds. Serial decimal dilutions were prepared with PBS (pH 7.2), and the diluted and undiluted samples were surface plated. In case of LAB isolation, a pour plate technique was employed. Standard method agar (Nissui Co., Ltd., Tokyo) and desoxycholate agar (Eiken Co., Ltd., Tokyo) were used for enumeration of aerobic microflora and coliforms, respectively.
MRS agar plate (Difco, USA) was used for isolation of LAB. Same media were used for streaking the strains. For isolation of Bacillus strains, 0.1 ml of stomached samples were plated on the surface of standard
Identification of coliform, LAB and Bacillus strains
The fifty colonies on desoxycolate agar and two hundreds colonies on MRS agar were used for further identification.
Well-developed bacterial colonies were randomly picked up and purified twice by streaking method. The coliform strains were classified based on the colony morphology, shape of microscopic feature after Gram-staining and IMViC testing reactions22) The classified 25 coliform strains were identified based on biological characteristic by API 20E (bioMerieux, Marcy I'Etoile, France).
The LAB strains were classified into 50 strains based on the colony morphology and shape of microscopic feature after Gramstaining. The strains were identified based on sugar fermentation pattern by API 50CH with API5OCHL (bioMerieux, Marcy I'Etoile, France (Fig. 2) We collected fermented vegetable samples produced from five different kinds of raw materials. The purchased fermented vegetables exhibited various stage of fermentation corresponding to the variety of consumers' preference. The pH value of fermented vegetable reduces according to the progression of lactic acid fermentation.
The distribution of the pH values (Table 1) is thought to be a reflection of these facts. The salt concentration of small eggplant samples were statistically significantly higher (p<0.01 by t-test) than that of the other kinds of samples (Table 1) . Comparing with the soft leafy vegetables, higher salt concentration may be required for effective salt curing of the small eggplant.
The aerobic plate counts (APC) corresponds to the population of mesophilic bacteria, including colifrom bacteria and facultatively anaerobic lactic acid bacteria (LAB). The APC and viable cell counts of coliform in the collected samples varied between 4-8 and 2-5 log CFU/ g, respectively ( Klebsiella or other several coliform bacteria were isolated from collected samples ( Table 2) . Similar species of bacteria were isolated from Japanese lightly fermented vegetables29, 33). These strains are known to form natural microflora on the surface of vegetables34, 35). Various kinds of LAB were isolated from collected fermented vegetables (Table 2 ). This result agreed with the preceding reports concerning LAB microflora in fermented vegetables produced in Japan or other countries36-42). Some of these studies revealed the sequential shift of the dominant fermenting bacteria. The more acid resistant, nutrient requiring strains such as Lactobacillus plantarum appeared after acid sensitive strains such as Leuconostoc. The variety of isolated LAB can be caused by the variety of the household fermentation or storage condition. (Fig. 1, Table 3 ) and both strains harbored the nisA gene (Fig. 2) . From these evidences, we concluded that at least one of the antimicrobial compound produced by these strains is nisin A. In addition to LAB, a Bacillus subtilis strain producing antimicrobial compounds was isolated from lightly fermented eggplant. The strain exhibited similar characteristic with Japanese natto fermenting strain, which does not have antimicrobial activity and exhibited different phage type . The active compound, inhibiting the growth of broad range of Gram-positive bacteria, was heat resistant and protease K sensitive similar with nisin A (Table 3, Fig. 1 ). However, it exhibited different efficacy against Lactococcus lactis subsp . lactis and Bacillus subtilis.
In addition, the active compounds were sensitive to trypsin treatment, different with nisin A. From these results, the active compound is thought to be a small peptide antibiotic. Some strains of Bacillus licheniformis and Bacillus subtilis produce such a peptidic antimicrobial compound , bacitracin55).
The compound contains one lysine to isoleucin bond in a molecule56); that can be a target of trypsin cleavage. Though the possibility is still remained that the other trypsin sensitive peptides are true antimicrobial compounds.
The nisin or antimicrobial compounds produced by Bacillus subtilis may participate in the food preservation and growth suppression of pathogenic bacteria.
